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; Shock Waves in Chemical XiAotiest A

The Thermal Decomposition of NO, " wto# NIL STATION#
¶0I ASU|MTrN 11, V!IR@I~gA

O S • by Robert III* Huffman and Norman DavidsoA

. - 1l From the Ph.fD thesis by R. Ev Uloj California Institute
.1: k.OC> of Teehnolomr, 1958.

AbstractIt The thermal decomposition of NOj in argon, M02 mixtures has

1t: •been investigated by the shock wave method, usirn both incident

Mard reflected shocks. The argon: NOn ratio was varied from 360

to 5.6, and the temperature was varied from 14W0 to 2300 K.

The rate law is

S-d(NO2)/,t =-uk (M)('NO2 ) + h, (Nog)".

(M) is the total (mainly argon) gas concentration, and k 3.06 z 1013

exp (65,)4W/M) moele:•,t s':, 1 e 20. x 1010 (ev -425),o0o

SThe k tem in the rate lw is believed to be due to the

unimolecular dissociation at its low pressure limit,
M4 + No3 ----- M + 1o + 0

(6)

0 + 0110 02 o + 110 (fact)

and it J shown that wasur iments of the reverse of reaction (6) at

I/

(J?
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low temperature are in agreement with our high temperature values

for ku*

The k. term is partly due to the "Bodenstein bimolecular path."

However, the valuss of -b are about eight times greater than the

extrapolated values for the Bodenstein mechanism; there may be

some other bimoleemlar path which contributes to the decomposition.

The results illustrate a characteristic feature of high temp-

erature chemistry; nmnely, that a number of reaction paths frequently

contribute to an overall chemical transformation.

The thermal deccmposition of NO2

2•40 2110 + (0)

in in many respects one of the classical examples of a bimolecular

noactinom It was studied by Bodenstein and RamstetterI and later by

Mft ftv - - - - m M IM -M m ow -= n -M "w m p

1. Me Bodenstein and H. Ranistetter, A* physik. Chen,, 100,
3.0 (1922)

others, including Rosser and Wise. 2 For the rate constant between

a& U 4M - U U MW Uw 4W Uf "0 m a* am -am 0. a* amU' W m .0 a M

2. We A. Rosser, Jr. and H. Wise, J:o Choen flhyso, 24, 493 (1956).

600W X and )000° K, the latter authors give
1 d(K02)9

ol m k1b w 4.0 x 1 exp(-26,900AIT) mole" liter soc (2)
(N,, 2di

som
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(Subscript b implies the belief that this constant is for the OBodenstein

mechanism," with the A , transition state for reaction Is) A

transition state calculation, with reanonable values for the distances

and vibration frequencies of the activated conplex, which is assumed to

bo 0A Ofev, agrees rather well with the observed preexponential

factor. 3  (At low temperatures, the reverse termolecular reaction has

M go g MPgsolwn am go so ft so M M an -W

3. Do R. Herschbach. E. S. Johnston, K. S. Pitzer and Re Eo
Powell, Jo Chem* Phy., 25• 736 (1956).

a small negative temperature coefficient which has been extensively

studied; above 5000 K, this rate constant is essentially constant in

accordance with (2)).4

4. H. J. Schumacher "Chemische Gaareaktionen," Theodor Steinkopfe
Leipzig. 1938; pp. 311-320.

By observing the very early stages of the reaction, Ashmore and

Levitt 5 discovered that the initial rate ol pyrolysis near 7000 K is

..... t swa "n -tw -atw -------K aw q l-M-

5. P. G. Ashmore and B. P. Levitt, Rvesearch (Correspondence)# 9.

525 (1956).

greater than that observed by previous investigators; this additional

contribution to the rate is quenched as NO forms, or if NO is added to

the initial mixture. These phenomena are attributed to the new reacticM

path



X3
N02 + No2 N03 +o ÷o (3.N)

NO + NO N N02 + 0 + NO
3 NO2  -r-u 4 20 + 0(5

This prcposal is consistent with the properties of NO as determined

in other investigations.6" 7

6. No Davidson and G. Schott, J. Che*. f . 3.17 (1957)0
P G Ashmore and B. P. Levitt, ibid.. 27o 318i9;7

7. G. Schott and N. Davidson THIS JOWMAL, O. 1841 (1958)

We report here a shock tube study of the rat& of the sawe re-

action in N02, argon mixtures from 14000a-2300° K. In addition to the

bimolecular reaction path, there is a unimolecular dissociation path

A+N02  - > A + NON+0 (6)

o + ONO ---- > 02 O (fast) (7)

Thfr. is available a brief preliminary report of another shock

wave investigation. 8  The exprimental results in +." two studies agree

a M am am am a M R am ama 4maWa m- a m ma ma am -M am am am am 06 am do as doam a am 04 aM

8. M. Steinburg and T. F. Lyon, abstract of paper presented
before Inorganic and Physical Chemistry Section, 131st National Meet-
ing, American Ch~micaI Society, Miami, Florida, April, 195?.

rat .M M of am m d M a o am a aM m so No a a an m a m M aM am a am am AM a as

rattior wel,11 the differences In Interprtation 'will be considered belao.
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The shock tube is essentially as described before,9  but some-

9. Do Britton, N. Davi n and Go Schott# Diacusson PagI

13. D. Britton, N. Davidson# W. Gehman, and Go Schott# Jo Chem.o
soi. 25 804 (1956)0

what longer. The diameter wns 15 cmo! the driving section was a 270

an. length of aluminum pipel the shock wave section consisted of a

140 cm. long aluminum pipe. and two 150 cm. long sections of pyrex

pipe* "

The principal experimottal innovation In our present work was

the observation of reaction rates behind rofnected shocks in sore

instances* This was particalarly convenient when high ratios of argon

to X02 were desired (the range of NO2 concentrations being to somes

extent fixed by light absorption considerations) at iegh temperaturese

The high argon pressures and high temperatures are more conveniently
produced in reflected shocks; furthermore, since there is no "time

compression*, very. fast reaction rates are more readily measured

behind reflected shocks. For experiments with reflected shock waves,

a special end plate was used which placed the reflecting s6urface about

12 centiWeters in front of the end of the glass pipe. The clearance

betWeen the circumference of this plato and the inside glass wall was

about one m. A plungor arrangement allowed the portion of the shock

tube behind the r"flecting srface to be evacuated through a hole in

, A-,
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the reflecting plate. This opening could then be closed immediately

before the diaphragm was burst. The reflecting Msrface was about

3 cm from the station at which observations of the reflected shock

were made*

In all experiments, incident shock velocities were measured

using Schlieren techniques as before.

The mercury arc light sources and filter combinations have been

describod before. 7 ' 9 '1 0 However, the Osrrwm IMO 200 high pressure are

whic.1 !,-as used with great success before berfme unstable in operation,

even with new lamps, and was not used very 7xuch. In most experiments,

the NO2 concentration was monitored using the Hg 405 or 436 mp line.

For experiments with high concentrations of NO2 , the 546 mu line was

isolated from a Hanovia arc with a Baird multilayer interference

filter and a Corning 3486 cut off filter.

NO, was prepared as before.- Nltric oxide, 1O, (Matheson), with

NO2 as the principal impurity, was fractionally distilled twice from

the liquid at -1500 C into a trap at -196o; the rcsulting solid was a

light gray material, which melted to give a light greenish-blue liquid.

Calculations.-4Experiments with incident shocks were made with NO2 ,

argon nixtures with initial NO2 mole fractions of 0.023 to 0.15. The

methods described previously for calculating the temperature and density

from the mcasured velocity and for corrocting for the change in these

parameters as the endothermic reaction proceeded were used. Appropriate

wmall corrections for the enthalpy and composition of the unshocked gas

due to the equilibrium*, N2 04 a 2NO2 , were made.



The reflected shock experiments were done with NO2 mole fractions

of about 0.003, 0.007 and a few at 0.023. In this caser the calcula-

tions were made for pure argon. Only in the case of the 0.023 mole

fraction would the corrections be significant. However, it would be

very difficult to make a proper correction. If observations were

!ade far from the end plate, so that reaction had gone to equilibrium

at the end plate# and the reflected shock had reached an appropriate

steady value, corrections could readily be made. However# it is un-

desirable to make observations at a great distance from the end plate

because of boundary layer problems and because of possible disturbances

due to ;he "contact surface." Observations are actually mad( close

(3 cm) to the end plate. Thus if the reaction is being observed, it

has not yet gone to completion at the end plate and the rarefaction

wave resulting from the endothermic reaction has not slowed down the

reflected shock to its final steady value. That is, a steady state has

mot been achieved. Calculationt; for the non-steady situation would be

very cimplicated. We have accordingly made calculations assuming the
11

gas was pure argon. The cooling would at most produce a temperature

4W W 4 ow g -w a* -W -ft - - - -go W 4W 4W- -

11. The appropriate equations are given by F. V. Geiger and G. W.
Maiuts "The Shock Tube as an Instrument for the Investigation of Tran-
eoic and Supersonic Flow Patterns," Engineering Research Institute,
Univ. of Michigan# Ann Arbor, 1949. (ONR report)

change of 1000 1, and the initial rate constant would not be affected

very much.



It my be noted that the reflected shock velocities could be

obtained from the experimental data (since the passage of both

incident and reflected shocks are observed on the ozcillnseope trace)l

these measured velocities agreed with the velocities calculated frcn

the incident velocities. However, because of the large error in the

reflected shock velocity measurements, this is not a critical confirma-

tion of the validity of the reflected shock experiments. The best

confirmation comes from the agreement between rate data from incident

and reflected shock experiments. The reflected shock pictures all

looked good and in accordance with ideal shock tube theory.

Results

Extinction Coefficients.--Extinction coefficient data are deter-

mined as part of the kinetic records. They are not highly accurate.

The results are simnarized in Table I. They agree fairly weil, but

not perfectly, with those given by Schott.7 As expected, the absorp-

tion coefficients near the maxiuzn decrease with increasing temperature;

at 546 al,pA on the edge of the absorption bend# dA/d.> 00

Table I

00
Extinction Coefficients for NO2

T X .3W 800 1000 1500 2000

6(4o5 mp) 164 14o 13o 1.3 95

G(436 mp) 14 118 12 100 87

V,(546 up) 29 55 63

".-(i/gi) iOlogi U -/V) mole liter -i.
"'Teaverage deviAeion of the results is abouat 10%.

iLa
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Kinetics.-The principal experiaental results are values of initial

rate constants. Ton groups of reactions were done In *hich the NO2 con-

motration, the argon conototrations and their ratio were widely varied.

The approximate conditions of each group of experiments are given in

Table 2# where (M) w total gas concentration (argon plus X02). Since the

Table 2

Range of Experimental Conditions

Wave
U1 Shocked 5~ eii

2 Mole Fractim NO2 (NO2) (A)

(x10)Pressrea molp 4
_,,,, (12) . Xter ,4 literao, ,,

x______W__.__ ( ta)

357 0.28 0.1 .8 30 reflected

U3 0.7 0.04 .8 11

42.3 0.019 1.5 6

44 2.3 0.04 1.5 6 inciL.ent

20 5.0 0.02 1.5 3

20* 5.0 0.02 1.5 3

20 5.0 0.04 3 6

10 10 0.01 1.5 1.5

10 10 0.02 3 3

6.7 15 0.03 8 A

#0.04 sole fractimn NO added.

.mpression ratio is a (slowly wvrying) ftnctidc of the shook atrangth,

omoentrations in the shocked gas varied slightly for constant initial

moaditicms. K4ot eocxiltions are giren e1sewhre.i
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As we shall see, the evidenm indicates that the rate law is

md(O2)
d(-0)m0k0(H)(mo 2 ) !U ( M 2 )1 (5)

dt

The ½ tern correspondoi to a second order process, first order in (M)

(essentially argon) and first order in N02 a As discussed later# we

believe that it is the unizolocular dissociation of NO2 at its low

pressure, seoond order limit. The k teru is soxd order in NO2 and

is attributed to a true bluolecular reaction.

In order to plot the data at varying (M)/(NO2 ) ratios, an apparent

Ofirst order in NO2 rate. constant is defined.

1 d(N 2 )k9  (M)(N 2o' (9)

The results so calculated are displayd in Fig. 1. Note that if Jb

were serot -a k. and Jgwould Le an Arrhenius fun~ction of the

temperature and independent of the gas composition. A similar plot of

the defined rate constants

k(o "(/(IR°2)2 d(N0 2 )/id (10)

could be made.

An effort has been made in Fig. I to indicate the apoximate

argon and NO2 concentrations for each point. This imkes the plot

necessarily rather ocuplicated. Careful scrutin• of Fig. 1 and of

the corresponding plot for ho reveals that the points at low 902 molo

fractions, 2.8 x 10-3 "nd 7.0 x 10-3, at the higher temperatures fit

the 9 interpretation and indicate a high activation enwrwy. For the



2,8 x 10-3 mole fraction points, this is 57 kcal mole"lo The points at

high NOQ2 mole rfactions (0.05, 010, 0o15). particularly at lo•er

temperature$$ fit the k0 interpretation better and indicate a low

(23 ±4 kedl) activation energy,

Theory indicates that the local activation nerg for the mi.-
noloeudar Process (u) should be about 6o54 kcal moleý1 near 200C Ko

once ki s known, values of kb an be caLculated frcm the data in Fig* 1

by the relations kb ((M)/(NO 2 ))(hq-k). By a trial processe a 1m

for k. with a slope corresponding to an activation energy of 65.4 was

chosen so as to give a good fit for 4 * This expression is

* 3.06 x 1013 exp(-65.WoA/) ,,o.e --0"c (11)

and is the straight line in Fig. 1. Clearly the valum of 16 affect@

only the high temperaturr• results. The points on the Arrhenius plot

for the values of k thus calculated show a fair amount of scatters

but it is significant that the points with low NO2 mole fractions

(0.0028, 0.00170 0.023) are now much more consistent with the data from

the high NO 2ole fractions. When the points at high U02 mole fractions2

(0.050 .10, .15) are graphed by themseles. they give a quite good

straight line plot (Fig. 2) free Which

kb a 2.5 x 1010 °-,p(-25•oo0(_t50o)A/T),oI,'1 sec, (1)
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The Unimoleoular Disaociatino--The term In the rate laws

Au(I)(VO2)# is rearonably attributed to the nuchanim

A+NO2 - A++o0o (6)

o0+ ONO 02 No (7)

At high temperatures, the reverse of '6) is unimportant. ord and

Ezow" gie X7 2 x 309 molo"1 see" at 3000 K. A simple transition

M do m M 40 M do M 66 4M m M m M- 40 m a mg no go am so am

l2. He Ford and No Endows Jo Chem h.,e 27, n56 (1957)9

state argument ouggests theat %7 increases approximately as oither T/2 or

T, so we guesstimate 7 a 5 x l9 mole" 1 liter esci at 20000 X. With

(No2 ) = :0" mole 1", the average lifetime of an 0 atom for reactico (7)

is therefore 2 Ase. With a 3 x 1 Mo10-1 oec7 1 and (A) x 0•o",

which corresponds to the fastest reaction rates measured (lf. Fig* 1),

the mean reaction time is about 10#see. Thus possibly for the very

fastest reactions measured. reaction (7) was not quite but aloat in a

steady state with respect to (6). For all other casesg (7) was certainly

dequately fasto, tothatX.a2 Therefore 1d - k/2 -15 x 1013

oxp(.65•.4 /hAT) zome"'1 1 ,,o (13)

i We may ccmpare this result with an extrapolated, calculated value

based on the measrement of the rever m rate by Ford and Endow. TbheI gie k6 1.8 x 1010 mo1e0 12 sea'" at 3O00 K with N2 as the fthird
Sbody'm K. Tb. classical version of the Rice, Rauup~rpr. Kaele theory

4)'
I - - - - _ m _ , I + I l l l l . .
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tggot for a reaction like (6)(

k!°" "' 1 (14

whero " is a collision number and A is the mniber of effective oecillators -

0
in this case threoe For Io we take AE° 7 1AW0 clio The term in front t

of the expcnential varies as 1A3/. (The Slater .heory of unizolecular

reactions gives a simila expressions perhaps with a duller Value of Jg

It in plausible that an available energy treatment suoh as that of RMK is

better than the critical coordinate treatment of Slater for a simple

molecule.)

The equilibrium constant for reaction (6) can be expressed in

the form

~U~!2 xp( -A&EOSIR) (15)

$02

whete the .9' are partition functions. Tho vibrational partition funo-

tion for U02 is due to two stretches and oe bendo Asnume that for the

stretching frequenoies, JVta~olj for the bond, - IT/hr . Considering

the contributions of rotation aMd tranalations the equilibrium constant

Is of the form A 0 oxp(-m "I• ), where Z is tee~rature indepezdente

In viw %f (U9k,'1 Assume that argon is about cne-half as

effective as N2 as a third bodyc therefore 1 (3000, A) w 1.0 x 1010

ole 21 se- and k, 1 A) a 5.2 x 13. 3/ Mole2 1-2 -9- (16)



Tram standard thermodynamic da the equilltrim constant ftor

13. s Ie. Pj 2f c fre9 2±,
lationtA ' au 1, StaMares. Washingt0oh D. C. Serie's II5 1954),

14. IN* Wo Wooleys TheMhCA Tables.2r hmsji &22ZA1U~
•Gf Nationa1 Bureau of Stmndardo, Washington. D. C., Tables 15.10
i 5,.11 (19 56).o

15. Selgcted g hem4.a Themgdi DCOMUOIu
National ))Ureau of Standardso WJshngton, Do Co, Circilar 50. Series
1 (1952).

M " a tw -" -so M-oýs 0 W 4 oI o f 0 Ms a" -s M d M ý Md

(6) at 2000o X is .115 x Io" mole I and we q writ 7 37. x

10A exp(-.1,400/4). We therefore calculate from the low temperature

"value of

* 3. x1o8,rA~ exp(-71,40O/LT) mol liter see'b (.17)

The expression (13) for tbo high temperature rate datar in the neighbor-

hood of 20000. when recast iin the form exreseed by equation (14) gives

- (6.0 x l8A,. ) exp(-7s4.ot) (1)

Thus the extrapolated (17) a9M experimental (18) high temperature data

agree remarkably welle. Equation (14) above can be rguritten as

where is the colliion mnaber at 10000. }Ierical evuluation

fras (18) gives jk)0 a 2.9 x 1OU mole.e1 liter we"4 , ,which in quite

reasonable.
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In the interptation above) we have not attmpted to consider

th effect of possible differences between XO2 itslf and A as energ

transfer agents for reation (6). Because of the ow (1002 )/(A) ratioa,

It it umlikely that any special effects due to 02 vouAld be evident.

Thus ve wmW rq that the interpretation of the high temperate#e

Wiat dilutk, k(. ) (NO2 ) ter In the rate lw as being due to the

v 011eoular dissociation of *O2 At its low pressim limit followed

1WP reaction (7) is quite satisfactocry.

The BMaol cuw Path--It is natural to try to attribte the hi-

Volecular term In the rate IWO kj(NO2 ) 2 to the '"Bdenstein secha•i-m,.

vhich we picture in detail as

fQ 0 0)A '%A on o+02 *No
N

(transition
state)

In rff. I (P?)., a detailed transition state analys"i for this rmation

Is giv"i. The empirical rate law arouWn 0° X is k1e b 4* x 309 eOp

(a26,90AT) W"ino s ie * This is the lowest struight line in Fig. 3.

The middle curve in the figor is calculated from the transition state

them usin the frequisna asicpment and ftroatr the transition

state given by UP. It too is lover than the experimetal mrve.

Thb transition state expresion is,

)a &(30 *)
a AB(N0(ý/) 19

002)h
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vhei. the is av partition utwotione. The a"eSiint Ct S? gives

4 a 25#900 koal soles A simple approxImate argment in which

vibrational Partition functions are cancelled when their frequencies

are close and are taken as having the limiting fornp #, for lo1

frequencies, indicates that k•b can be approximately represented by

kb"_T3/ ep(2.j•.tT) at the higher temperaturess which explains why

the transition state extrapolation lies aeove the simple Arrhenius

extrapolaticn. (However thr transition state extrapolation in Figs 3

is based on an exact calculation of the partition functions using the

111PP frequencies and not on the approximate representation given above).

The question now is whether there is some other bimolecular re-

action path since the extrapolated klb rate constants are less than the

experimental ones a b) by a factor of about 8 (at a 16670 1).

One such possibility is the Ashmore and Levitt (AL) path (reactions

3# 4# 5). The rate la for this is

I d(N0 2 ) 2

(Nod2) d 1 .k,4(No)4,L(NO 2)

According to AL# at 707° K, % 26 mole"- liter eea am 4N s 60#

where"s 2 kb a 19.A. Thus the two mechanisms contribute apprxdmately

eqially to the initial rate.

The ratio Ji/k a 60 Implies that when NO has accumulated so that

(NO)/(N2)> 21/60. the MO reaction path in suppressed compared to the

Bodenstein path.



The available inrormatic 6 ' 7 about NO, indoates that 4, for

reaction (3) is 23,000 cal. Kinetic information about indicates

an activation energy close to mere. 1 6

W - W ý m - -w M& -M " so a oýg oa 6s

16. l. C. Hisatsunes B. Crawford SM Re A. Oggg THIS JOURNALO
4648 (1957)18

M do Wo M =i 0 M so &V so a* a m ft a* Go ~-

Furthermore. AL report 1 7 E- Eb3 _3kcal. Thus. a.U the

17. Private ccaunmication.

WfG ft Md- m6 -dt ft -W IM -M -M M O -ON -W &MO *-W M

evidence suggests that the activation energy for reaction (3) is

either slightly less than or at most equal to that for reaction (1).

Since the two rates are c .parab e at 707" K. it is predicted that

the 1 O process would make at most an equal contribution with the

Bodenstein mechanism at high temperatures.

The activation energy difference, E5 - E4 is at most the value

of It of 3900 al. so that at 17o50ek4/45 )312. Thus NO should still

be a potent inhibitor for the NO3 reaction path at the high temperatures

of the present investigation. It is possible however that sme other

reatio• faster thsii (5) destroys NO3 at the high temperatures. An

attractive possibility is the unimolecular decompouition of NO3 at its

low Pressure limit.7

NO +M NO2 +.o+ (21)
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Consideration of the nature of the partition functions suggest

that the equilibrium constant for reaction (21) can be approximately

represented as L - "' 2 exp(-). The low t•sperature data,7

then giv 12 a.9 5 x 107 T•.- e'P(-49.v6OQ/) koe 1"010 o o.29

(17%50 ,). oro ,n ZrAw rep.t *ls lol 2019-2 12 ,oe-1 at 29g*o,

S"3 12 , so th a t k5.2 x - 3/ 2 . T i

gives a reasonable expression for kIl 1

a io22 •-'• exp(-r49,E p) mole" 1 eec"go (22)

or 12ld a 2 x o 9 at 17500 KR

If reaction (21) replaces (5), the rate lay for the NO3 path is

1 d(110 2 ) 13

- (23)p

From the estimate of Schott axid Davids ,7 4 = x 10O M""1 se"1 at

17500 K. UVing the values of (NO) and (A) present in the experiments

with added NO (where no significant inhibition was observed), k4 (NO)/

kr•d(M) ~1 at 17500 K. Thus indeed, as regards the absence of in-

hibition by NO. the NO3 reaction path might be important at 17500.

At the lowest temperature of this investigation (1400ý( ) 21d is

about 1/50 of its value at 17500 K. This is still large einough to

be a fast follow reaction for reaction (3), but NO would now oertaIzdy

be a potent inhibitor. Unfortunately, this important point was

reognized after the experimental work was conclded and this cruioal

test of tb modified NO3 reactiod path has not a rfor•.

: 34

ShA
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Comparison with Other Work.--As previously noted, the results

of Cteinburg and Lyon on the same system over the same temperature

ranmn are somewhat different. They find aln their data may be

accounted for by the rate expression

- d(No 2 ) 3.1- a 3.82 x 10 exp(-46,1OO/tT) mole 1 Dec-' (24)kL (NO2)(A) dt se

Near 20000 K, the results are in agreement. The expression above gives

kSL 2 3.4 X 106 mole"- 1 Dec-1, whereas In Fig 1, we give I a 2.7 x 106.
If our interpretation of the data is correct, the activation energy of

46100 observed by SL is an average of the activation energies of the

high temperature k (A)((N0 2 ) term with an activation energy of 65,000

)2
cal, and the low temperature 4 (NO2) term will an activation energy

of 25,000 (1 5000) cal.

Cstunrmary then# it is believed that the most reasca-

rot able interpretation of the shock tube experimnts, taking into account

the experimental data, extrapolation of other results, and general

theoretical considerations# is that NO2 is decoaposing by two paths.

One is the unimolecular decoposition of NO2 into NO and 0 vlt a rate

law, -d(NO2)/dtn•k(N0 2 )(M) and an activation energ of about 65 k.al.

The seoorn is a bimolecular deomiposition# -d(N02 )/dt a kb(14O2 ) ,with

an activation energy of 25 + 6 koal. It should be reemphasised that

the random error in our shock tube experiments is rather large, so that

the above conclusions have not been establisned with as much certainty

as is desirable. However, the data do strongly xupport the inter-

pretation given.
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The phenmenon encountered is characteristic of high temperatgre

reactions - namely that # high activation energy, high sterle factor

reaction path replaces a low activati(m energy, low sterio fastor

path as the temperature is raised.

The observed bimoleoular rate constants are greater by a factor

of eight than extrapolated values for the bizolecular NBodenstein"

nechanisr for which the transition state is believed to be

?A N'o • It seems unlikely, but not entirely excluded, that this

is due to an error in extrapolations Possibly a simple extension of the

Ashmore and Levitt NO3 machanimn, including reaction 21, can account

for the additional reaction path. However, thu data now available

indicate that this should increase the extrapolated rate only by a

factca of two. Possibly there is some other as yet tmrecognized re-

action path. Possibly the discrepancy is in the present work. This

question requires further work, but the present investigation has

fairly definitely established the occurrence of both unimolecular and

bimolecular reaction paths.

Insert 1, p. 19

Tbe bright yeliov-ormp liGht emission observed by Steinburg
and Ly8 as also observed in all of oux ex~eriments. This emission

vas distinctly seen under normal laboratory lights. An extensive stuy

us not made. A few photoelectric oscilloscope traces indicated that

the light emission decreamed as (0C2) decreased. This eission inter-

fered with the liCht absorption zeourewents only at . vtere a

popite mall corrections were mad.
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legemtl for Figures

Fig* 1. Observed rate constonts calleulatod .sstin - d(WO)2/~t.

k (14) (80a).

Fig* 2o Values for lb~ * .(Mo)/dl lb~ (wo,)' for h~

NO2v mole fraction experimentso
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